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This  special  contract  was  awarded  $20,000  for  a  year’s  support  for  the  project 
investigating  the  electronic  spectra  of  boron  clusters  and  their  aggregation  in  neon 
matrices.  It  was  designated  as  a  follow  up  to  the  proposal  (SPG  00-4073)  and  was 
carried  out  in  the  period  1  .April  2001  to  31  .March  2002.  Involved  in  this  investigation  was 
the  experimental  group  of  the  principal  investigator-  Prof.J.P.Maier  at  the  Institute  of 
Physical  Chemistry,  University  of  Basel,  Switzerland,  as  well  as  the  theoretical  groups  of 
Prof.P.Rosmus,  Theoretical  Chemistry,  University  of  Marne-la-Vallee,  France  and  of 
Prof.W.Meyer,  Theoretical  Chemistry,  University  of  Kaiserslautern,  Germany. 

Throughout  the  project,  exchange  of  information  was  maintained  with  Dr.C.W. Larson,  Air 
Force  Research  Laboratory,  Edwards  AFB.  Evgueni  Riaplov  was  the  PhD  student  in 
Basel  who  carried  out  the  experimental  studies. 

Following  the  initial  success  as  part  of  the  preceeding  proposal  in  observing  for  first 
time  the  electronic  absorption  spectra  of  B3  and  Bs'  in  5K  neon  matrices,  a  number  of 
experiments  were  undertaken  in  Basel  and  theoretical  calculations  by  the  groups  of 
Rosmus  and  Meyer  in  order  to  understand  the  details  of  the  complex  vibronic  structure  in 
the  spectra.  Spectra  with  improved  S/N  for  B3  and  B3'  were  obtained.  This  involved 
primarily  optimization  of  the  cesium  sputter  source  for  the  production  of  the  B3'  ion  beam 
for  the  mass-selected  codeposition  with  excess  of  neon.  The  experiment  uses  the 
special  apparatus  developed  in  Basel  which  combines  mass-selection  with  matrix 
isolation  spectroscopy. 

A  number  experiments  were  undertaken  during  the  course  of  the  year’s  project, 
primarily  aimed  at  trying  to  observe  the  electronic  spectra  of  the  next  larger  boron 
species,  B4.  These  were  unsuccessful  because  we  could  not  obtain  sufficient  current  of 
BT  from  the  ion  source.  For  this  purpose  both  a  B4C  rod  and  LaBe  rods  were  used;  the 
mass-spectral  pattern  obtained  as  result  of  the  cesium  sputtering  were  similar  and  an 
example  is  shown  in  the  figure  below.  (The  BO'  species  arises  from  the  presence  of  CsO 
in  the  source). 
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Whereas  the  best  current  achieved  for  64'  was  0.5  nA  with  the  B4C  rod,  it  was  a  factor  of 
ten  less  with  LaBe.  In  order  to  be  able  to  record  the  spectra  in  the  future  a  source  which 
will  produce  an  order  of  magnitude  larger  current  for  the  mass-selected  species  needs  to 
be  found. 

Attempts  to  produce  larger  boron  species  by  aggregation  were  also  undertaken.  In  this 
mass-selected  B2'  (about  20  nA  current)  was  codeposited  with  argon  to  produce  a  matrix 
at  around  12  K.  The  neutral  B2  was  produced  by  irradiation  during  or  after  deposition. 

The  matrix  was  then  annealed  to  28  K.  However,  no  new  absorptions  apart  that  of  B2 
could  be  observed.  This  is  in  contrast  to  the  analogous  experiments  carried  out  earlier 
with  C2  where  numerous  longer  carbon  chains  could  be  identified.  The  difference  is 
attributed  to  the  much  smaller  concentrations  achieved  with  boron  as  opposed  to  carbon; 
the  mass-selected  current  was  several  orders  of  magnitude  larger  in  the  latter  case. 

In  another  set  of  experiments,  B2C'  was  codeposited  with  neon  to  try  to  observe  this 
anion  as  well  as  its  neutral  counterpart.  The  results  of  such  an  measurement  are 
illustrated  by  the  figure  below. 
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The  bottom  trace  is  the  absorption  spectrum  observed  after  mass-selected  deposition. 

New  absorptions  were  not  observed;  only  the  known  electronic  systems  of  CB  and  CB' 
(and  of  C2  )  produced  by  fragmentation  during  matrix-growth  (and  the  overtone 
vibrational  transitions  of  water  impurity).  The  top  trace  is  the  spectrum  after  the  matrix  is 
bleached  by  irradiation  with  4.9  eV  photons.  As  can  be  seen,  the  anion  signals  are  either 
eliminated  {C2  )  or  significantly  reduced  (BC )  while  the  signal  of  CB  growths. 

Numerous  related  studies  were  carried  out,  depositing  Bhb'  (4nA  current)  or  CBO' 

(2  nA)  but  no  new  species  were  detected,  whereas  deposition  of  BS2'  or  B02'  lead  to  the 
observation  of  the  known  electronic  absorption  spectra  of  BS2 ,  or  BO2  respectively.  In 
the  case  of  the  latter  species,  the  mass-selected  experiment  confirms  the  identification  of 
this  molecule  after  pure  boron  atom  deposition  (as  reported  in  the  final  report 
SPG  00-4073)  and  its  in  situ  formation  in  the  matrix  due  to  the  presence  of  O2  as 
impurity. 
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Concurrent  to  the  experimental  studies  in  Basel,  extensive  theoretical  studies  of  B3 
were  undertaken  in  collaboration  with  the  groups  of  P.Rosmus  and  W. Meyer. 

Specifically  the  aim  is  to  understand  the  complex  vibronic  structure  observed  in  the 
electronic  spectrum  as  result  of  Jahn-Teller  effects.  A  Diploma  work  on  this  topic  has 
been  written  by  T. Weber,  working  under  the  guidance  of  W.Meyer  (this  can  be  supplied 
by  request,  though  it  is  written  in  German).  However  Prof.W.Meyer  is  still  not  satified  with 
the  quality  of  the  theory  and  as  result  the  experimental  data  on  B3  and  B3'  remains 
unpublished. 
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